We investigate the dynamics of charge-states coherence in a degenerate double-dot AharonovBohm interferometer with finite interdot Coulomb interactions. The quantum coherence of the charge states is found to be sensitive to the transport setup configurations, involving both the single-electron impurity channels and the Coulomb-assisted ones. We numerically demonstrate the emergence of a complete coherence between the two charge states, with the relative phase being continuously controllable through the magnetic flux. Remarkably, a fully coherent charge qubit arises at the double-dots electron pair tunneling resonance condition, where the chemical potential of one electrode is tuned at the center between a single-electron impurity channel and the related Coulomb-assisted channel. This pure quantum state of charge qubit could be experimentally located at the current-voltage characteristic turnover position, where differential conductance sign changes. We further elaborate the underlying mechanism for both the real-time and the stationary chargestates coherences in the double-dot systems of study.
I. INTRODUCTION
The investigations of semiconductor quantum dots have long aroused a great deal of attentions. The various controllability of quantum dots, in terms of not only the geometric shape and size but also the internal energy levels and couplings, make it particularly useful in serving as good testbeds for the study of mesoscopic physics, as well as in potential applications for nanotechnology and quantum information processing. Especially, quantum dots are the promising candidates for the realizations of scalable quantum computer, implemented with the electron charge and/or spin qubits. [1] [2] [3] [4] [5] Much progress has been made for the investigation of quantum coherence dynamics, in particular, the manipulation of charge-state coherence in the lateral double-dot systems.
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On the other hand, quantum coherence transport through parallel double-dots embedded in AhronovBohm (AB) interferometers has also been extensively studied both experimentally [11] [12] [13] [14] and theoretically.
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The particular interest in a ring-structured AB interferometer is the electron interference which can be tuned by an externally applied magnetic flux. The resulted coherent transport property has been characterized via conductance oscillation in magnetic flux. 12, 13 It has been widely studied in quantum transport the relation of the coherence of AB oscillations to Coulomb interaction, [16] [17] [18] [19] [20] [21] [22] interdot tunneling, 14, 21 and inelastic electron cotunneling processes, 13, 25 etc. However, the coherent dynamics of the AB double-dot charge states has not yet been explored in depth when the Coulomb interaction is fully taken into account because of the theoretical difficulty. Preliminary studies demonstrated that the intrinsic dynamics of charge states would display just a phase localization rather than coherence in a symmetric geometry setup, 23, 27 unless an asymmetrical geometrical setup is arranged 28 or a large Coulomb interaction is included. 20, 23 In this work, we study the coherence dynamics of charge states in double-dot AB interferometers, in the presence of finite interdot Coulomb interaction. The analysis is carried out based on the well-established nonperturbative hierarchical equations-of-motion (HEOM) approach. [30] [31] [32] The quantum coherence of charge states is shown to be sensitive to the transport regimes of the electron tunneling channels, including single-electron impurity channels and Coulomb ones in double dots. We find that AB double-dots, with finite interdot Coulomb interaction, would be very suitable for the preparation of a fully coherent charge qubit. The relative phase of the charge qubit is continuously controllable through the magnetic flux, rather than the phase localization, as studied previously on the weak or noninteracting counterparts. 23, 27 In particular, a fully coherent charge qubit emerges at the double-dots electron pair tunneling resonance, when the chemical potential of one electrode matches with the center between a single-electron impurity channel and the related Coulomb channel. This pure quantum state of charge quit could be experimentally located at the current-voltage characteristic turnover position, where differential conductance changes sign, from negative (positive) to positive (negative). Finally, using a transformation to reformulate the problem, we elaborate the underlying mechanism for the real-time dynamics of the nonequilibrium charge-states coherence from weak to strong interdot Coulomb interactions.
The rest of paper is organized as follows. In Sec. II, we introduce the standard transport model of the doubledot AB interferometers and briefly outline the HEOM approach for describing the coherence dynamics of the charge states in the double-dot. In Sec. III, we present the converged stationary results on the quantum coherence of the charge qubit in different tunneling regimes, in the presence of finite interdot Coulomb interaction. We then study the real-time dynamics and elaborate the underlying mechanism of the observed nonequilibrium charge-states coherence in Sec. IV. Finally, we give the summary in Sec. V.
II. METHODOLOGY
Consider the nonequilibirum electron transport through a parallel double-dot embedded in an AB interferometer, its total Hamiltonian, H T = H S + H B + H SB , consists of three parts. The central parallel double-dot system is modeled by
Here, a u (a † u ) denotes the annihilation (creation) operator of the electron in the dot-u orbital state of energy ε u , and U is the interdot Coulomb interaction. The electrodes are modeled as noninteracting electrons reservoirs bath, i.e.,
with α = L, R, under the applied bias voltage potential eV = µ L − µ R . Here, c † αk (c αk ) denotes the creation (annihilation) operator of the electron with momentum k in the specified α-reservoir. The electrons tunneling between the dots and the reservoirs is described by the tunneling Hamiltonian,
with the AB flux Φ-induced phase factors satisfying
Here, Φ 0 denotes the flux quantum. Without loss of generality, we adopt (due to the gauge invariant)
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The hybridization spectral function assumes Lorentzian,
with the equal coupling strengths,
Throughout this work, we set the unit of e = = 1, for the electron charge and the Planck constant. In numerical calculations we set µ L = −µ R = V /2 and fix the bandwidth at W = 10 meV for electrodes.
In close contact to experiments, 3, 5 we set the spinless double-dots to be degenerate, i.e., ε 1 = ε 2 = ε in Eq. (1). The optimized coherence would then be anticipated. The involved states in the double dots are |0 = |00 , |1 = |10 , |2 = |01 , and |d ≡ |11 , i.e., the empty, the dot-1 occupied, the dot-2 occupied, and double-dotsoccupancy states, respectively. The quantum coherence properties of the double-dots states are described by the reduced system density matrix, ρ(t) ≡ tr B ρ tot (t), i.e., the partial trace of the total density operator ρ tot over the electrode bath degrees of freedom.
We implement the celebrated HEOM formalism,
to accurately evaluate the real-time dynamics of the reduced system density matrix,
defines the reduced system Liouvillian; j ≡ (σ, α, u, κ) andj ≡ (σ, α, u, κ) denote the specified collective indexes. Here, σ = +, −, andσ is its opposite sign; κ arises from the nonequilibrium interacting reservoirs bath correlation functions, [30] [31] [32] [33] [34] in an exponent expansion form of C σ αuv (t) = 
Here,Ô ± denotes an arbitrary operator, with even (+) or odd (−) fermionic parity, such as ρ (2m) or ρ (2m+1) , respectively.
The stationary solutions to HEOM (8) can be obtained by using the conditions, {ρ (n);st j = 0; ∀n}. These together with the normalization constraint, trρ (0) = 1, lead to Eq. (8) a set of coupled linear equations for solving {ρ (n);st j = 0}. In practical calculations, an iterative quasiminimal residual algorithm 35, 36 is employed for solving the large-sized coupled linear equations.
32 Equation (8) can also be called the dissipaton equation of motion (DEOM). [37] [38] [39] The latter is a quasi-particle theory, which identities the physical meaning of individual ρ
j1···jn (t). Besides Eq. (8), the DEOM theory includes also the underlying disspaton algebra, especially the generalized Wick's theorem. [37] [38] [39] This extends the real-time dynamics further to the interacting bath subspace. Not only the transient transport current, [40] [41] [42] but also the nonequilibrium current-current correlation functions can then be evaluated.
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As a nonperturbative theory, HEOM usually converges rapidly and uniformly. 31, 32, 43, 44 The hierarchy can be terminated simply by setting all ρ (n>L) j = 0, at a sufficiently large L. For the AB double-dot system exemplified in this work, the HEOM evaluations effectively converge at the L = 3 tier level.
III. COHERENCE OF CHARGE QUBIT A. Coherence control with bias voltage
We focus on the quantum coherence of the two charge states, {|1 , |2 }, which constitute a charge qubit, with the single-electron occupation. The interested chargequbit density operator ρ e (t) is the 2 × 2 sub-matrix of the reduced system ρ(t). The latter and also other ρ (n) j (t) spans over all the four Fock states, {|0 , |1 , |2 , |d }. The probability of single electron occupation is given by p e = trρ e = ρ 11 + ρ 22 ≤ 1. The nonzero probabilities of the empty and double-occupation states, ρ 00 and ρ dd , are the leakage effects.
27,45 Denote δ = ρ 11 − ρ 22 for the probability difference between the two charge states. The charge qubit entropy is given by S e = −tr(̺ e ln ̺ e ), with ̺ e = ρ e /tr(ρ e ) and S max e = ln 2 for two-level systems. Thus χ e = 1 − S e / ln 2, satisfying 0 ≤ χ e ≤ 1, can be used a purity measure, with χ e = 1 indicating a truly pure state of the charge qubit. Figure 1 reports the nonequilibrium steady-state results, as functions of the applied voltage, on the chargequit state properties given in (a) and (b), the leakage effects in (c), and the transport current in (d), respectively, where the Coulomb interaction of U = 0.5 meV and the AB phase of φ = π/2 are used, see the description in the figure caption for the details.
The observed results can be understood in terms of the interplay between different tunneling channels involved in individual transport regimes. First of all, there are two types of tunneling channels: The single-electron impurity channels with the degenerate energy levels at ε 1 = ε 2 = ε, and the Coulomb-assisted channels at ε + U . Concerning further their positions in relation to the applied voltage window, we identify three transport regimes, indicated in Fig. 1 in terms of I, II, and III, respectively. Let us start with the double-dots state versus voltage, the ρ-V characteristics, reported in Fig. 1(a)-(c) .
. This is the cotunneling regime, with the bias window containing no tun- neling channels. The resulted single-electron occupation (p e = ρ 11 + ρ 22 ) and double occupation (ρ dd ) are both negligible. The full probability of empty state (ρ 00 ) emerges.
. This is the Coulomb-blockade (CB) regime, and is of particular interest in the present work. The most striking scenario occurs at the bias voltage of |V | = 2ε + U . There emerges a nearly pure charge qubit state, with the single-electron occupation, p e = ρ 11 + ρ 22 , and the purity parameter, χ e , being both in close proximity to their maximum values of 1. These results are specified with the arrows on the solid curves in Fig. 1 (a) , where Γ = 0.02 meV and k B T = 0.02 meV are adopted for demonstration. At |V | = 2ε + U , while ρ 00 + ρ dd = 1 − p e ≃ 0, we have also δ = ρ 11 − ρ 22 = 0 and therefore |ρ 12 | ≃ 0.5, as seen in Fig. 1 (b) and (c). The dashes curves in Fig. 1 (a) goes with the increased lead coupling strength, Γ = 0.1 meV. Apparently, increasing temperature also decreases the purity of the charge qubit state. Note that in the present symmetric bias setup, |V | = 2ε + U amounts actually to the pair tunneling resonance condition, 47 which would also occur in the Coulomb participated regime (II ′ ), where µ L > ε + U > µ R > ε; see Sec. III B for the details.
• Regime III:
. This is the sequential-dominated regime, as both the single-electron impurity and Coulomb-assisted tunneling channels fall inside the bias window. The results here are similar to those of U = 0 and weak U obtained in Refs. 23 and 27, respectively. Indeed, as reported there before, the localization of the phase, θ = arctan[Im(ρ 12 )/Re(ρ 12 )], appears at the value of θ = −π/2 or π/2. Either of these two values corresponds to Re ρ 12 = 0 [cf. Fig. 1 (b) ]. The fact that Re ρ 12 vanishes in the sequential-dominated regime (III) is rather robust against the flux; see the discussion for Fig. 2 later. Figure 1 (d) depicts the current-voltage (I-V ) characteristics. Particularly, in the CB regime (II) that does not exist for noninteracting (U = 0; grey-curve) case, the I-V curve exhibits a remarkable concave down (or up) feature, for V > 0 (or V < 0). The turnover positions, located with the arrows in Fig. 1 (d) , are right at |V | = 2ε + U . In other words, the nearly pure charge qubit state, with both the purity and occupation number parameters, χ e and p e [see Fig. 1 (a) ], in close proximity to their maximum values of 1, could be experimentally located at the aforementioned I-V characteristic turnover position, where the differential conductance sign changes. Examine now θ = arctan[Im(ρ 12 )/Re(ρ 12 )], the charge qubit phase, as functions of the magnetic flux. We focus on the case of V = |2ε+U |, at which the charge qubit is in close proximity to a pure state; cf. Fig. 1(a) . It is noticed that in the present symmetric bias setup, V = |2ε + U | satisfies the pair tunneling resonance condition,
Beside the CB regime (II) described earlier, the pair tunneling occurs also in another transport setup configuration:
• Regime II ′ : µ L > ε + U > µ R > ε, the Coulomb participation (CP) regime. In this regime, the transport would be primarily driven by the electron tunneling from dots to R-lead. The relevant pair tunneling resonance is therefore Eq. (10) with α = R. On the other hand, in the CB regime (II), where ε + U > µ L > ε > µ R , the resonance follows Eq. (10) with α = L, as the transport would now be primarily driven by the electron tunneling from L-lead to dots. Figure 2 reports the nonequilibrium steady-state results, as functions of the applied AB magnetic flux, in terms of φ/π ≡ 2Φ/Φ 0 . Both the CB (black-curves) and CP (green-curves) cases are operated at the pair tunneling resonance voltage, V = |2ε + U | = 0.7 meV, with the same U = 0.5 meV, but different values of ε = 0.1 meV and −0.6 meV, respectively. Included for comparison are also the sequential-dominated regime (III) counterparts (red-dashed-curves), exemplified with U = 0.1 meV and ε = 0.1 meV at V = 0.7 meV. As that in Fig. 1 , where φ = π/2, the sequential-dominated regime displays the phase localization at θ = −π/2 or π/2, for V < 0 and V > 0, respectively. 27 This result is independent of the flux at φ = 2mπ, with m being an integer, as shown by the red-dashed horizontal parts in Fig. 2 (a) , where Re ρ 12 = 0, see Fig. 2 (b) . The single-electron occupation, p e , and the leakage effects, ρ 00 and ρ dd , as shown by the red-dashed curves in Fig. 2 (d) -(f), also agree with those noninteracting (U = 0) results reported in Ref. 27 .
On the other hand, in both the CB (II) and CP (II ′ ) regimes, while Imρ 12 is rather independent of the interdot Coulomb coupling, Reρ 12 significantly deviates from the zero-value behavior in the U = 0 case. The singleelectron occupation is remarkably enhanced, and meanwhile the leakage effects are greatly suppressed. Especially, at |V | = |2ε + U | that satisfies the pair tunneling resonance condition, 47 the charge qubit state, as inferred from Fig. 1(a) and (b) for its χ e ≃ 1 and δ ≡ ρ 11 −ρ 22 = 0, assumes a pure-state proximity of
The AB magnetic flux-tuned phase, as shown in Fig. 2 (a) for V > 0, is given by
For the bias V < 0, the above relations hold with exchange of φ to −φ (not shown in Fig. 2 ), due to the phase-lead symmetry relations underlying Eq. (5). Remarkably, as shown in Fig. 2 , while the singularity occurs in the CB regime (II) at φ = 2mπ, the CP counterparts are completely free of the singularity. The nearly pure charge qubit state, with both the purity parameter, χ e , and occupation number, p e , in close proximity to their maximum values of 1. It is interesting to notice that in the present CP regime (II ′ ) setup, the doubleoccupation level locates below the transport window; i.e., ǫ d = 2ε + U = −0.7 meV < µ R = −0.35 meV in study. However, its occupation number ρ dd remains very small, under the pair tunneling resonance voltage; see Fig. 2 
(f).
Involved here is also the interference resonance that overcomes the leakage from the desired charge qubit state.
IV. COHERENCE DYNAMICS ANALYSIS A. Charge qubit coherence dynamics
To further explore the underlying machnism of the full coherence realization of the charge qubit states in the AB interferometers, we study the evolution of ρ 12 (t), the transient charge-qubit coherence, in both the CB regime (II) (left-panels) and the CP regime (II ′ ) (rightpanels), with the initial empty state in the double dots (ρ 00 (0) = 1). The results are presented in Fig. 3 . It shows that the short-time (t 1/Γ) dynamics in both the regime II and II ′ are quite similar as that in the sequential-dominated regime (III) reported previously in Refs. 23 and 27. The short-time dynamics of ρ 12 (t) is dominated by the electron tunneling through the singleelectron impurity channels (ε), with little contributions from the Coulomb-assisted channel (ε + U ). Denote ρ 12 (t) = |ρ 12 (t)|e iθ(t) , the relative phase between the two charge states, |1 and |2 , is found to be θ(t) = φ/2 when t 1/Γ. For t > 1/Γ, the charge-qubit coherence becomes sensitive to the specific tunneling regimes. The relative locations of the single-occupation (ε) and the double-occupation (ε + U ) transport channels with respect to the bias window take the crucial role when t > 1/Γ. Especially the nonequilibrium charge qubit operated in either the CB regime (II) or the CP regime (II ′ ) remains a proximity to a full coherence dynamics, as shown by Eq. (11) in the long-time limit. The characteristics of Im ρ 12 (t) are similar in these two transport regimes, without changing signs as the time evolves, while Re ρ 12 (t) behaviors differ remarkably. In the CB regime (II) (see Fig. 3 (a) ), Re ρ 12 (t) will switch the sign (unless φ = 2mπ that is associated with θ = π/2 for V > 0), which leads to the relative phase θ = π − φ/2. On the other hand, in the CP regime (II ′ ), as shown in Fig. 3 (b) , Re ρ 12 (t) has no such sign change and the relative phase remains as the case of θ(t) = φ/2. Note that the above results in the CB regime and the CP regime could be changed significantly by weakening the Coulomb interaction or increasing the bias voltage or temperature. For example, the full coherence of charge qubit dynamics would be immediately broken down and the charge qubit state is reduced to the phase localization, similar to the noninteracting (U = 0) limit in the previous studies.
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B. Mechanistic analysis
The above nonequilibirum features on the chargestates coherence dynamics, including the short-time, long-time and stationary state behaviors, can be understood as follows. Taking the following transformation on the electron operators in the dots,
The system and bath Hamiltonians, Eqs. (1) and (2), are invariant under this transformation. The tunneling Hamiltonian, Eq. (3), becomes Eq. (7), remain the Lorentzian form of Eq. (6), but having
From |u = a † u |0 and |ũ =ã † u |0 with Eq. (13), we have
Equations (15) and (16) (i) At φ = 2mπ, we have θ = 0 or π (cf. the blacklines in Fig. 3 ). As inferred from Eq. (15) , this scenario has either Γ α11 = 0 or Γ α22 = 0, with odd or even m, respectively, and also Γ α12 = 0. The electron tunnels through only one of the transformed single-occupation channels, either |2 or |1 . Consequently, ρ12 = 0, since there is no interference between these two states. In this case, ρ 12 (t) is always real, as inferred from Eq. (16) , and the charge qubit phase is localized at θ = 0 or π. Physically the above scenario amounts to the transport setup involving only one single spinless electronic level. The interdot Coulomb interaction does not play any roles in this scenario, and the double-occupation is always p d (t) = 0. The long-time probabilities of the empty and the singleelectron occupied states are equal, i.e., p 0 = 0.5 and p e = 0.5. The latter is via either ρ11 or ρ22, exclusively.
(ii) At φ = (2m + 1)π, we have θ = ±π/2 (cf. the green-lines in Fig. 3 ). As inferred from Eq. (15), this scenario goes by Γ α11 = Γ α22 = | Γ α12 | = Γ/2, resulting in ρ11(t) = ρ22(t) = |ρ12(t)|. This is the case of a full interference with equal probability. In this case, ρ 12 (t) is always pure imaginary, as inferred from Eq. (16) , and the charge qubit phase is localized at θ = ±π/2. Physically, a full interference with equal probability is an interference resonance. It leads to the maximum value of p e = ρ 11 + ρ 22 ≈ 1 in the long-time region. Both the vacancy and double occupations are suppressed. This interference resonance behavior is independent of interdot Coulomb interaction.
Turn to the situations of φ = nπ, away from the above two special scenarios, and the interdot Coulomb interaction will play the roles. The general remarks on the nonspecial situations are as follows. (a) In the shorttime (t > 1/Γ) region, electrons tunnel mainly through two single-electron impurity channels, with ε1 = ε2 = ε. According to the flux-dependent tunneling rate of Eq. (15), one of them could be called the fast channel and the other be the slow one. 46 More precisely, |1 is the fast channel when φ < π/4, whereas it is the slow one when φ > π/4. The fast channel dominates in short time. The above analysis also dictates the sign of Re[ρ 12 (t)] = [ρ11(t) − ρ22(t)]/2 [cf. Eq. (16)] in the short time region. As time evolves, the slow channel occupation gradually accumulates. The sign of Re[ρ 12 (t)] would change if the population inversion could occur. For example, the individual curve in Fig. 3(a) changes sign, while that in Fig. 3(c) does not. We will elaborate these observations later; (b) When t > 1/Γ, Coulomb-assisted (ε + U )-channels play roles. These are the transfer channels, rather than the double-occupation state of energy 2ε + U .
Focus hereafter the long-time behavior for φ = nπ, which depends on both single-electron ε-channel and Coulomb-assisted (ε + U )-channel. Apparently, the nonequilibrium property manifests the interplay between these two transfer channels and their relative locations with respect to the bias window. The cotunneling regime (I) is not the interest of this work, since it generates no significant population in the charge qubit state. On the other hand, the sequential-dominant regime (III), where µ L > ε, ε+U > µ R , the interested transfer channels both fall inside the bias window. This is similar to the wellstudied Coulomb-free scenario, 23, 27 with the results being summarized as follows. In the wide-band-reservoirs limit, the probabilities of electrons tunneling through |1 and |2 would be equal, i.e., ρ11 = ρ22 (unless φ = 2mπ, the special scenario-(i) described earlier, with θ = 0 or π). Again, as inferred from Eq. (16), the resultant ρ 12 is pure imaginary. Phase localization occurs at θ = ±π/2, the same value of the special scenario-(ii), but without the aforementioned full interference resonance condition. The leakage effect can not be neglected; see the regime-III parts of Fig. 1 (c) .
The main contribution of this work is concerned with the CB regime (II), where ε + U > µ L > ε > µ R , and the CP regime (II ′ ) where µ L > ε + U > µ R > ε. The chemical potential of one reservoir falls in between the two interested tunneling channels. The electron pair tunneling mechanism is anticipated. 47 Appears at the pair tunneling resonance of Eq. (10) an almost perfect charge qubit, as discussed in detail in Sec. III B. The different behaviours, as depicted in Fig. 2 and Fig. 3 and also Eq. (12) , are rooted at the facts that in the CB regime it is the single-electron ε-channel inside the bias win-dow, whereas in the CP regime it is the Coulomb-assisted (ε+U )-channel. Actually, the aforementioned fast versus slow ε-channels, discussed in relation to the short-time region properties, are physically concerned with the CB regime. Involves there the dynamical Coulomb blockade processes, 46 leading to electron accumulation in the slow channel, and further the population inversion along evolution. Consequently, Re ρ 12 (t) experiences the sign change, as depicted in Fig. 3 (a) . This also leads to the charge qubit phase transition at around φ = 0; see the black-curve in Fig. 2 (a) . The CP regime is just the opposite to the CB regime. Now it is the Coulombassisted ε + U -channels inside the bias window, whereas the single-electron ones are outside. There are no dynamical Coulomb blockage effects; neither the slow channel accumulation nor the population inversion. The resulted relative phase follows θ = φ/2 without jump; see the green-line in Fig. 2 (a) .
V. SUMMARY
We have demonstrated that interdot Coulomb interaction would play a crucial role in operating a degenerate double-dots as a charge qubit. Finite Coulomb interaction could result in dynamical Coulomb-assisted transport channels. Together with the single-electron ones they comprise electron tunneling inference pairs, whenever ε + U > µ L > ε > µ R (Coulomb blockage regime) or µ L > ε + U > µ R > ε (Coulomb participation without blockage). The pair tunneling interference is responsible for the coherence control of a charge qubit, including its relative phase, via the applied bias voltage and magnetic flux. A fully coherent charge qubit emerges at the double-dots electron pair tunneling resonance, ε+U −µ α = µ α −ε [cf. Eq. (10) ]. This amounts to |V | = |2ε + U |, provided µ L = −µ R = V /2 that the bias voltage is applied symmetrically to two leads. Interestingly, the pair tunneling resonance can be located at the I-V characteristic turnover position, as specified by the arrows in Fig. 1(d) . Therefore, the information on a fully coherent charge qubit would be experimentally extracted from where the differential conductance sign changes.
Moreover, the charge qubit phase, operated especially in the Coulomb participation regime, can be smoothly manipulated via the applied magnetic flux [cf. Eq. (12)]. This is different from the Coulomb blockage scenario, where the Coulomb-assisted (ε+U )-channel is above the transport window. The underlying dynamical blockage induces population inversion in the long-time region, and consequently the relative phase change, as inferred from Fig. 3(a) and (b) . In contrast, in the Coulomb participation regime, the (ε + U )-channel is within the transport window and does not have the aforementioned blockage effect, as seen from Fig. 3(c) and (d) . All these observations are elaborated via the real-time dynamical and stationary properties of the charge qubit coherence, and also on the basis of a canonical transformation; see Sec. IV.
In summary, we present an experimentally viable approach to the preparation and manipulation of charge qubit coherence in double-dots systems. The predictions of this work and the underlying principles are closely related to the field of quantum information/computation in general.
